ABSTRACT
INTRODUCTION
Since the advent of thermostable DNA polymerases and cycle sequencing, scientists performing DNA sequencing have had three main choices of sequencing templates: single-stranded phage DNA, double-stranded plasmid DNA or PCR products. Phage DNA has historically been considered the ideal sequencing template because it is single stranded and easily purified, but it can be somewhat unstable and is limited by the size of insert that can be cloned. Plasmids have the advantage of having two strands available for sequencing and better stability but are the most difficult and expensive templates to purify. PCR products are readily used sequencing templates but suffer from polymerase bias during amplification, contamination issues and poor sequencing quality unless extensively purified.
Relatively early in the expansion of the Human Genome Project, a fast and cost-effective M13 recombinant phage purification protocol was made publicly available (7) . While it is a somewhat crude preparation, it is easy to perform in a microplate format, yields uniform results and is an outstanding sequencing template. This protocol has been used in at least two major genome centers (Genome Sequencing Center, Washington University and Lawrence Livermore National Laboratories) and is considered a standard method for template purification. As more experience with genomic sequencing was garnered, it became apparent that it would be advantageous to include plasmid clones in the sequencing effort. The major drawbacks to the wholesale use of plasmids for genomic sequencing are cost and scalability. Many commercial kits currently exist to purify sequencing-grade plasmid DNA in a microplate format, but all are more expensive than phage preparation. In the current era when sequencing costs are accounted for on a per-sample basis, many centers have abandoned plasmid templates for cost reasons alone.
We (unpublished results) and others (2) developed silica-based, microplateformat plasmid isolation protocols to affordably sequence plasmid templates in a high-throughput setting. However, with our plans to increase the sequencing capacity more than tenfold, centrifuge capacity (our silica preparation has six independent centrifugation steps), laboratory space and labor costs soon became limiting factors of the rate of template preparation. Our solution was to develop the protocol outlined below. It is faster than the silica isolation method, requires only two centrifugation steps and still costs pennies per isolation. The technique first produces a lysate by a lysozyme/boiling method (6, 8, 9) . After a solid-phase capture step is used, the DNA is washed and recovered by elution in water (1, 5) . This method produces microgram quantities of high-quality plasmid DNA for fluorescent sequencing reactions.
MATERIALS AND METHODS

DNA Isolations
One-milliliter cultures of plasmidcontaining E. coli (DH5 α ) are grown in Terrific Broth containing 1.6% glycerol and 50 µ g/mL ampicillin in a deep 96-well culture plate. Cultures are shaken at 310 rpm overnight, centrifuged to pellet the bacteria and the media decanted. At this point, the plates can be sealed with aluminum foil and stored frozen at -20ºC if the isolation is to be performed later. The pellets are then resuspended by adding 25 µ L water and vortexing on high speed using a VWR multi-tube vortexer (VWR Scientific Products, West Chester, PA, USA) for 3 min.
Complete resuspension of the pellets is crucial to ensure proper lysis. The bacteria are then lysed by the addition of 70 µ L lysis solution (10 mM Tris, pH 8.0, 1 mM EDTA and 5% Tween ® 20 in 5M NaCl) containing freshly added 10 µ g/mL molecular biology-grade RNase A and 500 µ g/mL lysozyme (Sigma, St. Louis, MO, USA) and vortexing lightly for 30 s. After a 15-min incubation at room temperature, the culture plate is sealed and transferred to a 95ºC water bath for 10 min. The lysates are then diluted with 300 µ L water, the plate vortexed briefly and incubated on ice for 15 min. Centrifuging the plate at 2000 ×gfor 30 min clears the lysates. A 100-µ L aliquot of the lysate is transferred to a fresh 96-well microplate (carefully excluding the soft pellet) with 115 µ L hybridization buffer [20% polyethylene glycol-8000 (Sigma) and 2.5 M NaCl] and 15 µ L carboxylated iron beads (Seradyn Particle Technology, Ramsey, MN, USA) prewashed three times in 10 volumes 10 mM Tris, pH 8.0, and diluted 1:10 in 10 mM Tris, pH 8.0.
The microplate is shaken on a plate vortexer for 10 min on medium. The plate is then placed on a "donut magnet" plate (Atlantic Industrial Models, Marblehead, MA, USA) until the beads have completely accumulated at the bottom of the plate. While still on the magnet plate, the supernatant is aspirated and the beads are washed three times with 200 µ L 70% ethanol. The plate is dried at room temperature overnight or in a 37ºC incubator until all of the ethanol has evaporated. The beads are resuspended in 100 µ L molecular biology-grade water, the solution cleared on the magnetic plate and the supernatant transferred to a fresh microplate.
DNA Sequencing
Cycle sequencing was performed on plasmid templates using BigDye ™ter -minator sequencing reactions kits and model 377 automated fluorescent sequencers (both from PE Biosystems, Foster City, CA, USA). A typical sequencing reaction is composed of 3-5 µ L template, 1.5 µ L BigDye sequencing kit, 1.25 µ L dilution buffer (1 mM MgCl 2 , 40 mM Tris, pH 9.0) and 2. BioTechniques 787
Figure 1. Agarose gel of purified plasmid templates. Each sample, isolated from two plates of isolated plasmid DNA (labeled DSP154_2 and DSP209_2), were run on an 0.8% agarose/TAE gel containing ethidium bromide at 100 V for 30 min. Five microliters of each sample were mixed with an equal volume of 2 ×gel-loading glycerol solution and loaded with a multiple-channel pipettor along with a 1-kb ladder (1 kb+) and known masses of pBR322 plamid mass standards (500, 250, 100 and 50 ng). After electrophoresis, the gel was visualized by UV illumination and photographed. 
RESULTS
DNA Isolation
An agarose gel of two isolations (labeled DSP154_2 and DSP209_2) from 1-mL overnight cultures is displayed in Figure 1 . Virtually every lane has at least a detectable amount of DNA, with most displaying between 100 and 250 ng. Extrapolating from this amount to the full volume (100 µ L total elution versus 5 µ L loaded onto the gel) gives 2-5 µ g DNA per isolation on average. The yield of DNA is consistent across the plate, and our experience has shown that most empty wells usually correspond to clones that did not grow and thus had no pellet after the initial centrifugation. While the yield between lanes is often quite variable, quality-control experiments have shown that this is most likely due to variability in plasmid replication, cell growth and inoculation volume (data not shown).
Sequencing
The Genomics department at Lawrence Livermore National Laboratories uses this method exclusively to generate sequencing templates. Table 1 shows the sequencing success rate and average read length for the four current sequencing projects (named by threeletter library designations). The global sequencing success rate (percentage of reads with at least 50 bases with Phred quality scores of 20 or greater, which corresponds to correct base-calling confidence of ≥ 99%) was 89.3%. The average and high-quality read length of successful reads (defined as the number of bases with a Phred quality score of 20 or greater) was 428 bases. These data from more than 90 plates of DNA over a five-month period show that this method yields good sequencing-quality DNA in a consistent manner. A sample electropherogram is shown in Figure 2 . The signal is strong, the noise is low and the labeling continues with sufficient strength to allow for good base calls beyond 600 bases where the quality of the read is limited by the resolution of the acrylamide gel. 
Short Technical Reports
DISCUSSION
This protocol was developed primarily from two preexisting microplate-format protocols [boiling lysozyme/detergent lysis (8) and magnetic particle DNA capture (1, 5) ] in an effort to streamline our plasmid template isolation efforts while ensuring low costs and high-quality templates. Traditional alkaline lysis can also be used to produce the lysate, but the yield is consistently two-to threefold higher using the high-salt lysozyme/boiling method (data not shown). The yield is excellent for the small culture volume, and the DNA is clean enough to give remarkable sequence quality in both capillary and slab-gel electrophoresis units. More importantly, the method has few centrifugation steps (and no vacuum manifold requirements) compared with other protocols, which dramatically shortens the processing time and makes it amenable to automation. The cost remains at pennies per well, which is only a fraction of the least expensive commercial kit on the market. The DNA produced by this method is also useful for a variety of other molecular biology applications (e.g., PCR, restriction mapping, subcloning), but inconsistent UV spectrophotometric 260 nm/280 nm ratios (data not shown) indicate that there are contaminants that might render it unsuitable for applications requiring higher-purity DNA.
Perhaps the most important aspect of this application is its adaptability to various "off-the-shelf" instruments for assistance in sample handling. It has been shown in two laboratories at Lawrence Livermore National Laboratory using this protocol that multiple-channel pipettors, Hydra ® 96-well pipetting stations (Robbins Scientific, Sunnyvale, CA, USA) and custom robotic workstations can be successfully used to implement this protocol. The only unique piece of equipment that needs to be purchased in bulk is the magnetic plates. These plates are small, inexpensive and have a long usable lifetime. Most laboratories that isolate plasmid DNA in any quantity usually have the instrumentation to perform this protocol with only minimal up-front expenditures for magnetic plates and carboxylated beads.
INTRODUCTION
Protein production is the result of the two-step process of transcription and translation. During translation, the protein is in a stable complex with mRNA via the ribosome. At the end of translation when the ribosome reaches a stop codon, the newly synthesized protein is released from both the ribosome and the mRNA. Similarly, in transcription, the mRNA stays associated with the DNA through RNA polymerase and is released when the polymerase reaches a termination signal. To link the newly synthesized protein to its DNA, we prevent the termination of transcription and translation.
Translation termination is prevented by deleting the sequences that encode the stop codon from the initial DNA. Without a stop codon, the ribosome will move along the mRNA to the last codon but will not release the protein (1,2,6 ). Such coding has been used in experiments to obtain a stable attachment of the protein to the mRNA via the ribosome (3, 4) . As a further extension of the method, the protein can be covalently linked to its mRNA to achieve a cleaner (i.e., free of ribosome) and more stable protein-mRNA linkage (8, 9) .
We have developed a method to prevent transcription termination. It consists of binding avidin to one end of DNA that is biotinylated downstream of the coding sequence. This method is analogous to some existing DNA-RNA linking methods such as covalently cross-linking the DNA duplex structure (12,13) or DNA adducts (7, 10, 11) .
If both transcription and translation termination are prevented, the resulting structure is expected to be composed of the protein bound to mRNA through the ribosome, and the mRNA linked to DNA.
In our test, avidin (NeutrAvidin ™; Pierce Chemical, Rockford, IL, USA) is coated on polystyrene beads, and biotinylated DNA is then immobilized on the beads. The test DNA has the luciferase gene ( luc ). We verified that the protein stays bound to the DNA through its mRNA by observing that luciferase luminescence is associated with the beads.
MATERIALS AND METHODS
We used the following buffer solutions. TE: 10 mM Tris, pH 8.5, 1 mM EDTA; TlowE: 10 mM Tris, pH 8.5, 0.1 mM EDTA; and TBSM: 10 mM Tris, pH 8.0, 50 mM NaCl and 5 mM MgCl 2 .
DNA Biotinylation and Immobilization on Beads
Biotin is attached to the 5 ′ -end of a desired DNA primer using a biotinylation kit (Amersham Pharmacia Biotech, Piscataway, NJ, USA) and purified over a G-25 gel filtration column (AmiKa, Columbia, MD, USA). Using one biotinylated primer, the PCR product is biotinylated at the C-terminus of the coding region. NeutrAvidin-coated polystyrene beads of 1-µ m diameter (Molecular Probes, Eugene, OR, USA) comprise the solid medium for DNA immobilization. The beads are washed once in TBSM. The DNA and beads are mixed at 1 pmol DNA/10 µ g beads. The binding reaction is carried out at 37°C for 30 min. The coupling efficiency is approximately 50%. Before
